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I. Research Progress

A. Pulsed Laser Experiments

Our Stimulated Emission Pumping and SEP-Stark experiments on
the H2CO molecule have started to yield huge quantities of spectral
data. Nonrotating H2CO, at vibrational energies up to 10,000 cm

-1

appears to be behaving like a small molecule. The energies, rota-
tional constants, and electric dipole moments of levels involving
combinations of C-O stretch (02) and out-of-plane bend (v4 ) seem to
fit simple Dunham-type expansions. Two nearly degenerate pairs of
vibrational levels have been located and the Fermi-interactions be-
tween them are so small (<1 cm- ) that accidental mode-mixing at high
energy seems likely to be a rare event. Coriolisb- and c-axis inter-
actions begin to appear at high J, Ka values.

These mode-mixing and K-mixing interactions are negligible when
either J or Ka is small, but, by J 1 10, K - 4, seem to couple all

aa _

_ vibrational levels in the neighborhood of the 2n4m level accessible

by SEP.
The most important results of our H2CO SEP experiments are:
1. demonstration that non-rotating H2CO is vibrationallo well-

organized. The normal-mode quantum numbers are good labels of the
predominant vibrationally averaged structure. Near degenerate levels
are capable of very different internal vibrational energy distribu-
tions (i.e. relative excitations of C-O vs. C-H stretch). This sug-
gests that bond-specific chemistry might be observable in SEP-
prepared H2CO provided that the collisional cross-section for vibra-
tional redistribution is smaller than that for chemical reaction.

2. suggestion that rotation, especially that about the C-O axis
is an extremely effective mode-mixing mechanism. At high J, Ka,
molecules forget their vibrational identity. All vibrational eigen-
states begin to have similar internal vibrational energy distribu-
tions (because all nearly isoenergetic rotationless basis functions
become intermixed by Coriolis interactions). Thus rotational heati
will provide a severe limit to the observability and utility of bond

specific photochemis try.
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I. Research Progress, Cont'd.

We plan to continue the H2CO SEP experiments until we reach

the maximum vibrational energy accessible by SEP. One particularly

important spectroscopic question is whether the C-O stretch or out-

Of-plane bending vibration is more subject to Coriolis mixing with

"background" levels. The two most important chemical questions

that we hope to answer are: does tunnelling through the

H2CO H2+CO or H2CO HCOH barrier become observable at SEP-accessible

levels of the NIA 1 state; are the total population removal rates

from single vibration-rotation levels so large as to prohibit the

observation of structure4--reactivity correlations. We also expect

to initiate exploratory experiments on propynal, which is the

smallest two-chromophore molecule known to have abound excited elec-

tronic state and resolved rotational structure, the two prerequisites

for SEP.

B. Modulated Gain Spectroscopy

Our Na2 AI ZuX - + optically pumped laser is now excited by a2 u g
cw dye laser and operating in a servo-controlled configuration that

has resulted in a 103-fold signal-to-noise improvement in modulated

gain spectra. The sensitivity of the MGS scheme is now so great

that we are observing many previously unobservable collisional and

multiple resonance effects. The most interesting of these is laser

oscillation from collisionally populated upper levels which appears

only when the probe laser removes population from the lower level of
the collisionally coupled transition.

Preliminary experiments with the new MGS scheme are nearly

complete. We expect to resume systematically recording the snectra

of the highest vibrational levels of the A E+ and B1  states of
U u

C. Calcium Oxidation Reactions

The Ca+N 20 and Ca+0 3 flames reactions result in completely dis-

similar fluorescence excitation spectra in the 600nm region. There

is not a single strong feature that appears in the spectra of both

320 and 03 flames. Our initial interpretation of the 03 flames

spectrum as originating from a b3E+ state now appears to be incorre



The spectra of the N20 and 03 flames are so congested and com-

plex that sub-Doppler techniques are required to resolve individual
rotational lines. Several years ago, detailed rotational analysis

showed that only the v = 0 and 1 levels of the a 3I and A'111 states
were responsible for the 600nm bands of the N20 flame. Largely be-
cause only one other low-lying electronic state exists for CaO, we
predicted that the carrier of the 03 flame bands would be the not
yet observed b3E state. On the basis of sub-Doppler excitation
and resolved fluorescence spectra of the Ca+O3 flame, we now suspect

that the 03 flame bands arise from a single excited vibrational

level of the a3 H state.

We expect to complete the analysis of the Ca+03 flame bands
(probably c3 14-a 3 H) and to search for an explanation of the unusual
vibrational and electronic selectivity of the N20 and 03 calcium

oxidation reactions.

NTIS GRA&l

DTIC T,8

;':-

IFAssi i "]

i'I



I. Publications (since 1 October 1981).

1. S. Churassy et al., "Rotation-Vibration and Deperturbation Analysis
of the BO+-al and Ou-aOg Systems of J2", 3. Chem. Phys. 75, 4863-

U 9 u
4868 (1981)..

2. R.W. Field, "Tunable Laser Spectroscopy", Faraday Disc. Roy. Soc.

Chem. 71, 111-123 (1981).

3. D. Cerny et al., "Nitrogen B 3 -W 3a Laser Systems. Assignment
g u

and Model for Observed Lasing Lines," J. Phys. Chem. 85, 2626-2631

(1981).

4. C. Kittrell et al., "Selective Vibrational Excitation by 3timulated

Emission Pumping," J. Chem. Phys. 75, 2056-2059 (1981).

5. B.S. Schweda et al., "Highly Excited, Normally Inaccessible Vibra-,

tional Levels by Sub-Doppler Modulated Gain Spectroscopy: The

Na2 AlE+ State," Optics Commun. 42, 165-170 (1982).

6. R.F. Marks et al., "The Orange Arc Bands of CaO. Analysis of a
D,dI'3A-a3n System, J. Chem. Phys. 76, 4689-4691 (1982).

7. R.F. Marks et al., "The CaO D,d'3,A-a3-- Systau: Sub-Doppler

Spectrum, Rotational Analysis, and Deperturbation", Physica Scripta

25, 312-328 (1982).

8. D. Reisner et al., "Selective Vibrational Excitation of Formal-

dehyde A1 by Stimulated Emission Pumping", J. Chem. Phys. 77, 573-

575 (1982.

9. E. Abramson et al., "Laser Population of Highly Excited Vibra-

tional Levels of Molecules", Proceedings, Conference on Lasers as

Reactants and Probes in Chemistry, 1982.

10. P.R. Vaccaro et al., "Electric Diple Moments of Excited Vibra-

tional Levels in the FA 1 State of Formaldehyde by Stimulated Emis-

sion Spectroscopy," J. Chem. Phys. 00, 0000-0000 (1983).



Ill. Personnel

Co-Principal investigators: Robert W. Field
James L. Kinsey

Postdoctoral.: Keith Cross (CaO)
Hai-Lung Dai (H2C0)
Carter Kittrell (SEP)
Hartmut Schweda (CaO, Na2)

Graduate Students: Gunjit Chawla (Na2)
Caba Korpa (Coriolis)
Jeffrey Norman (CaO)
David Reisner (H2CO)
Patrick Vaccaro (H2CO)

Undergraduate Students:. Martin Carerra (H2CO)
Everett McKay (electronics)

Visiting Scientists: Roger Bacis (Lyon University; 1)
Richard Barrow (Oxford; CaO)
Serge Churassy (Lyon University;

Na2)
Daniel Katayam (Air Force Geo-

physics Lab; SEP)
Li Li (Quinghai institute, Chi

Na2)


